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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of LUCIDARME et al . 

U.S. patent application 
(U.S. National Phase of PCT/FR99/03201 
-filed on December 20, 1999) 
corr. to French applic. No. 98 16220 



For : " CELLULAR RADIO COMMUNICATION METHOD, CONTROL 
EQUIPMENT AND MOBILE STATIONS IMPLEMENTING THIS 
METHOD " 



PRELIMINARY AMENDMENT 

To Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 2 0231 



Prior to examination, please amend the above - 
identified application as follows: 



IN THE SPECIFICATION: 

Page 1, between lines 4 and 5, insert the heading 
-- BACKGROUND OF THE INVENTION --. 



1 



Page 3, before line 1, insert the heading 
-- SUMMARY OF THE INVENTION 

Page 7, before line 15, insert the heading -- BRIEF 
DESCRIPTION OF THE DRAWINGS --. 

Page 7, between lines 32 and 33, insert the heading 
-- DESCRIPTION OF PREFERRED EMBODIMENTS 

Page 8, line 8, replace the term "equipment" by -- 
equipments --. 



IN THE CLAIMS: 

Please amend Claims 1-19 of the application as follows: 
CLAIMS 

1 -- 1 (Amended) . Method for radio communication 

2 between a mobile station [(14, 14a, 14b)] and a cellular- 

3 network infrastructure including a set of base stations 

4 [(13)], [in which] wherein the mobile station includes at 

5 least two receiving units [(31)] for processing, in 

6 macrodiversity mode, respective radio signals sent out by 

7 at least two separate base stations and carrying identical 

8 information, [characterized in that] and wherein , when 

9 specified conditions are fulfilled, the macrodiversity 

10 mode is at least partially dispensed with for the mobile 

11 station, one or more of the base stations is or are made 

12 to send the mobile station at least two radio signals 

13 carrying different sets of information, and the mobile 

14 station is made to have its receiving units process these 



2 



15 radio signals so as to receive the said different sets of 

16 information. 

1 --2 (Amended) . Method according to Claim 1, [in 

2 which] wherein , when at least some of the specified 

3 conditions are fulfilled, the said radio signals carrying 

4 different sets of information are sent out by the same 

5 base station [(13)]. 

1 --3 (Amended) . Method according to Claim 2, [in 

2 which] wherein the base station [(13)] , in the case of the 

3 down communication direction, operates with multiple 

4 communications channels defined by channel -separation 

5 codes selected from a set of codes with variable spreading 

6 factor in a defined range, the channel -separation codes 

7 being selected with spreading factors depending on the 

8 information throughputs required respectively on the 

9 channels, with an overall constraint of orthogonality 

10 between the codes employed at every instant by the base 

11 station. 

1 --4 (Amended) . Method according to Claim 3, [in 

2 which] wherein , in cases where a communication is 

3 established from the base station [(13)] to the mobile 

4 station [(14, 14a, 14b)] with an information throughput 

5 corresponding to a first spreading factor lying within the 

6 said defined range and such that it is not possible to 

7 select a new code while obeying the overall orthogonality 

8 constraint, multiple channels are formed, defined 

9 respectively by codes obeying the overall orthogonality 

10 constraint and the respective spreading factors of which 

11 are greater than the first spreading factor, the 

12 information throughput of the communication being 

- 3 - 



13 distributed between these multiple channels which 

14 transport respective radio signals each processed by at 

15 least one of the receiving units [ (31) ] of the mobile 

16 station. 

1 --5 (Amended) . Method according to Claim 3 or 4 , 

2 [in which] wherein the spreading factors of the codes of 

3 the set are of the form 2 h ' w , L being a positive integer 

4 and k an integer variable such that 0<k<L, a channel - 

5 separation code of the form 2 L " k corresponding to an 

6 information throughput of 2 k ~ L .D, where D is a defined 

7 maximum code throughput, and in which, in cases where a 

8 communication is established from the base station [(13)] 

9 to the mobile station [(14, 14a, 14b)] requiring an 

10 information throughput equal to a.D with 2" m " 1 <a<2" m -2" L and 

11 m an integer such that 0<m<L-l, at least two codes of the 

12 set are selected obeying the overall orthogonality 

13 constraint in such a way that the sum of the inverses of 

14 the spreading factors of the codes selected is less than 

15 2" m , so as to form multiple channels defined respectively 

16 by the selected codes, the information throughput of the 

17 communication being distributed between these multiple 

18 channels which transport respective radio signals each 

19 processed by at least one of the receiving units [(31)] of 

20 the mobile station. 

1 --6 (Amended) . Method according to Claim 5, [in 

2 which] wherein , in the said cases where a communication is 

3 established from the base station [(13)] to the mobile 

4 station [(14, 14a, 14b)] requiring an information 

5 throughput equal to a.D, the integer Ta.2 L l equal to or 

6 immediately greater than a.2 L being of the form Ta.2 L 1 = 

- 4 - 



L_1 

7 Z ai- 2 1 , where the ai are each equal to 0 or to 1, 2 nU) 

8 codes with, spreading factor 2 h ' 1+nll) are selected for each 

9 value of i such that ai = 1, the n(i) being integers such 
10 that 0<n(i) <i . 

1 --7 (Amended) . Method according to Claim 6, [in 

2 which] wherein the numbers n(i) are chosen in such a way 

3 as to minimize the number £ 2 n(i) . 

1 --8 (Amended) . Method according to Claim 1, [in 

2 which] wherein , when at least some of the specified 

3 conditions are fulfilled, the said radio signals carrying 

4 different sets of information are sent out respectively by 

5 at least two separate base stations [(13)]. 

1 --9 (Amended) . Method according to Claim 8, [in 

2 which] wherein the said radio signals carrying different 

3 sets of information are sent out respectively by at least 

4 first and second separate base stations after the 

5 following three conditions have been fulfilled: 

6 - the mobile station is currently operating in 

7 macrodiversity mode in order to process radio signals sent 

8 out respectively by the first and second base stations and 

9 carrying identical information; 

10 - channel -allocation resources of the first base station 

11 are saturated; and 

12 - an increase in the quantity of information to be 

13 transmitted to the mobile station is required. 



1 --10 (Amended) . Control equipment of a cellular- 

2 radio communications network comprising a set of base 



3 stations [(13)] and of mobile stations [(14, 14a, 14b)], 

4 at least some of the mobile stations including at least 

5 two receiving units [(31)] in order, in macrodiversity 

6 mode, to process respective radio signals sent out by at 

7 least two separate base stations and carrying identical 

8 information, the equipment [(12)] comprising means [(16)] 

9 for control of at least one base station for allocating, 

10 to the base station, radio communications resources for a 

11 down communications direction and for causing 

12 corresponding signaling messages to be sent to mobile 

13 stations served by this base station, [characterized in 

14 that] wherein the control means are configured to cause a 

15 mobile station at least partially to dispense with the 

16 macrodiversity mode when the specified conditions are 

17 fulfilled, while causing one or more of the base stations 

18 to send out, to the mobile station, at least two radio 

19 signals carrying different sets of information, and while 

20 causing the mobile station to have its receiving units 

21 process these radio signals so as to receive the said 

22 different sets of information. 

1 --11 (Amended). Equipment according to Claim 10, 

2 [in which] wherein , when at least some of the specified 

3 conditions are fulfilled, the control means (16) are 

4 configured to cause the same base station (13) to send out 

5 the said radio signals carrying different sets of 

6 information. 

1 --12 (Amended) . [Equipment] Control equipment 

2 according to Claim 11, [in which] wherein the base station 

3 [(13)], in the case of the down communication direction, 

4 operates with multiple communications channels defined by 

5 channel -separation codes selected by the control means 

- 6 - 



6 [(16)] from a set of codes with variable spreading factor 

7 in a defined range, the channel -separation codes being 

8 selected with spreading factors depending on the 

9 information throughputs required respectively on the 

10 channels, with an overall constraint of orthogonality 

11 between the codes employed at every instant by the base 

12 station. 

1 --13 (Amended) . [Equipment] Control equipment 

2 according to Claim 12, [in which] wherein , in cases where 

3 a communication is established from the base station 

4 [(13)] to the mobile station [(14, 14a, 14b)] with an 

5 information throughput corresponding to a first spreading 

6 factor included in the said defined range and such that it 

7 is not possible to select a new code while obeying the 

8 overall orthogonality constraint, the control means (16) 

9 are configured to form multiple channels, defined 

10 respectively by codes obeying the overall orthogonality 

11 constraint and the respective spreading factors of which 

12 are greater than the first spreading factor, the 

13 information throughput of the communication being 

14 distributed between the said multiple channels which 

15 transport respective radio signals each processed by at 

16 least one of the receiving units [(31)] of the mobile 

17 station. 

1 --14 (Amended) . [Equipment] Control equipment 

2 according to Claim 12 or 13, [in which] wherein the 

3 spreading factors of the codes of the set are of the form 

4 2 L " k , L being a positive integer and k an integer variable 

5 such that 0<k<L, a channel-separation code of the form 2 L-k 

6 corresponding to an information throughput of 2 k ~ L .D, where 

7 D is a defined maximum code throughput, and in which, in 

- 7 - 



8 cases where a communication is established from the base 

9 station [(13)3 to the mobile station requiring an 

10 information throughput equal to a.D with 2" m " 1 <a<2" m -2" Ij and 

11 m an integer such that 0<m<L-l, the control means (16) are 

12 configured to select at least two codes of the set obeying 

13 the overall orthogonality constraint in such a way that 

14 the sum of the inverses of the spreading factors of the 

15 codes selected is less than 2" m , so as to form multiple 

16 channels defined respectively by the selected codes, the 

17 information throughput of the communication being 

18 distributed between these multiple channels which 

19 transport radio signals each processed by at least one of 

20 the receiving units [(31)] of the mobile station. 

1 --15 (Amended) . Equipment according to Claim 14, 

2 [in which] wherein , in the said cases where a 

3 communication is established from the base station [(13)] 

4 to the mobile station [(14, 14a, 14b)] requiring an 

5 information throughput equal to a.D, the integer fa.2 L l 

6 equal to or immediately greater than cc.2 L being of the 

7 form fa.2 L l = 2 X , where the ai are each equal to 0 or 

i=0 

8 to 1, the control means [(16)] are configured to select 

9 2 n(i) codes with spreading factor 2 L " 1+n(l) for each value of 

10 i such that a± = 1 , the n(i) being integers such that 

11 0<n(i)<i. 

1 --16 (Amended). Equipment according to Claim 15, 

2 [in which] wherein the numbers n(i) are chosen by the 

3 control means (16) in such a way as to minimize the number 

4 zV 11 • 

- 8 - 



1 --17 (Amended) . Equipment according to Claim 10, 

2 [in which] wherein , when at least some of the specified 

3 conditions are fulfilled, the control means [(16)] are 

4 configured to cause at least two separate base stations 

5 [(13)] to send out the said radio signals carrying 

6 different sets of information. 



1 --18 (Amended) . Equipment according to Claim 17, 

2 [in which] wherein the control means are configured to 

3 cause at least first and second separate base stations to 

4 send out respectively the said radio signals carrying 

5 different sets of information after the following three 

6 conditions have been fulfilled: 

7 - the mobile station is currently operating in 

8 macrodiversity mode in order to process radio signals sent 

9 out respectively by the first and second base stations and 

10 carrying identical information; 

11 - channel-allocation resources of the first base station 

12 are saturated; and 

13 - an increase in the quantity of information to be 

14 transmitted to the mobile station is required. 

1 --19 (Amended) . Mobile radio-communications 

2 station with a cellular network the infrastructure of 

3 which includes a set of base stations [(13)], comprising 

4 at least two receiving units [(31)] for processing 

5 respective radio signals, means [(32)] for allocating 

6 radio resources to the receiving units in response to 

7 signaling messages received from the infrastructure of the 

8 network, and combining means [(38)] for combining outputs 

9 of the receiving units in a macrodiversity mode in which 

10 at least some of the said radio signals are sent out by at 

- 9 - 



11 least two separate base stations and are carrying 

12 identical information, [characterized in that] wherein , in 

13 response to certain of the signaling messages, the 

14 allocation means are configured to at least partially 

15 dispense with the macrodiversity mode, deactivating the 

16 combining means, the receiving units then processing at 

17 least two radio signals carrying different sets of 

18 information. 



- 10 - 



REMARKS 



Entry of the above amendment is respectfully requested. 

The amended claims 1-19 are substantially similar to original claims 1-19 as set out in 
the PCT International Application, with the exception that the new claims have been amended 
to omit multiple dependent claims and to otherwise conform to U.S. practice. 
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METHOD FOR CELLULAR- RADIO COMMUNICATION, CONTROL 
EQUIPMENT AND MOBILE STATIONS IMPLEMENTING THIS METHOD 

The present invention relates to cellular-radio 
communications using macrodiversity techniques. 

The infrastructure of a cellular network 
comprises base stations distributed over the region of 
coverage in order to communicate with mobile stations 
situated in the zones, or cells, which they serve. The 
technique of macrodiversity consist in providing for a 
mobile station to be able to communicate simultaneously 
with separate base stations in such a way that, in the 
down direction (from the base stations to the mobile 
stations) , the mobile station receives the same 
information several times and that, in the up 
direction, the radio signal sent out by the mobile 
station is picked up by the base stations in order to 
form different estimates which are then combined within 
the infrastructure of the network. 

Macrodiversity confers gains on reception which 
enhances the performance of the system by virtue of the 
combining of different observations of the same 
information. It also makes it possible to achieve 
smooth intercellular transfers ("soft handoff") when 
the mobile station is on the move. 



cells, in which the base station has a grouping of 
antennas which is arranged to send out different radio 
signals in different directions defining the sectors of 
the cell. Macrodiversity can also be provided for 
between several sectors of the same cell, the mobile 
station then receiving separate signals sent out from 
the same base station. "Softer handoff" is then spoken 
of, instead of "soft handoff" (see C. C. Lee and R. 
Steele, "Effect of Soft and Softer Handoff s on CDMA 
System Capacity" , IEEE Transactions on Vehicular 



The cellular networks may include sectorized 
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Technology, Vol. 47, No 3, August 1998, pages 830-841). 
For the purposes of the present application, the term 
"base station" will designate either the base station 
of a non-sectorized cell, or the means which a base 
station uses in order to define one of the sectors of a 
sectorized cell. 

The techniques of macrodiversity are employed 
particularly in code-division multiple-access (CDMA) 
networks . They are provided for in the third-generation 
cellular system known as UMTS ("Universal Mobile 
Telecommunications System" ) , within the framework of 
wideband CDMA (W-CDMA) for frequency-duplex (FDD) 
communications. UMTS has been adopted, in its main 
outlines, by ETSI (European Telecommunications Standard 
Institute) and proposed for standardization to the 
International Telecommunications Union (ITU-R) . ETSI is 
distributing detailed documentation on it, "The ETSI 
UMTS Terrestrial Radio Access (UTRA) ITU-R RTT 
Candidate Submission" on the Internet (http://www.etsi. 
org/smg/utra/utra.pdf ) . 

The necessity for mobile stations to be able to 
operate in macrodiversity mode increases the complexity 
of the stations. It is usually estimated that, in UMTS- 
type networks, the mobile stations will operate from 20 
to 50% of the time in macrodiversity mode. There are 
instances where the gains obtained via macrodiversity 
will be slight or ineffective, for example if other 
diversity techniques are implemented (highly redundant 
error-correcting coding, spatial diversity, time 
diversity via an ARQ-type repetition protocol, etc.). 
Moreover, the operator of a UMTS network may know, a 
priori, that macrodiversity will not produce 
substantial gains in a given cell having regard to the 
characteristics of the cell. The additional complexity 
of mobiles due to macrodiversity is therefore not fully 



One object of the present invention is to make 
better use of the means which have to be provided in 
mobile stations for operation in macrodiversi ty mode. 

Hence the invention proposes a method for radio 
communication between a mobile station and a cellular- 
network infrastructure including a set of base 
stations, in which the mobile station includes at least 
two receiving units for processing, in macrodiversity 
mode, respective radio signals sent out by at least two 
separate base stations and carrying identical 
information. When specified conditions are fulfilled, 
the macrodiversity mode is at least partially dispensed 
with for the mobile station, one or more of the base 
stations is or are made to send the mobile station at 
least two radio signals carrying different sets of 
information, and the mobile station is made to have its 
receiving units process these radio signals so as to 
receive the said different sets of information. 

The multiple receiving units of the mobile 
station can then be used in various circumstances other 
than the macrodiversity mode, which is then 
deliberately dispensed with, at least partly. On the 
other hand, the method does not prevent macrodiversity 
being used in the up direction. 

The method particularly makes it possible to 
increase the communications throughput to a mobile 
station, or to establish links with new mobile 
stations, under circumstances where constraints would 
otherwise present an obstacle. These constraints may be 
related to the saturation of the radio resources which 
can be allocated in one or other of the cells with 
which the mobile station can communicate in 
macrodiversity mode, or else to the necessity of 
generating substantial signaling traffic in order to be 
in a position to allocate such resources. 

In a first version of the method, when at least 
some of the specified conditions are fulfilled, the 



radio signals carrying different sets of information 
are sent out by the same base station. 

This may apply particularly to CDMA systems in 
which the base station, in the case of the down 
communication direction, operates with multiple 
communications channels defined by channel-separation 
codes selected from a set of codes with variable 
spreading factor in a defined range, the channel- 
separation codes being selected with spreading factors 
depending on the information throughputs required 
respectively on the channels, with an overall 
constraint of orthogonality between the codes employed 
at every instant by the base station. 

In particular, in cases where a communication 
is established from the base station to the mobile 
station with an information throughput corresponding to 
a first spreading factor such that it is not possible 
to select a new code while obeying the overall 
orthogonality constraint, multiple channels are formed, 
defined respectively by codes obeying the overall 
orthogonality constraint and the respective spreading 
factors of which are greater than the first spreading 
factor, the information throughput of the communication 
being distributed between these multiple channels which 
transport respective radio signals each processed by at 
least one of the receiving units of the mobile station. 

This makes it possible to establish a 
communication without macrodiversity in cases where the 
establishing of this communication while preserving the 
possibility of macrodiversity would impose a 
redistribution of the codes allocated to various 
communications in progress and would therefore generate 
substantial signaling traffic. 

When it is known that macrodiversity does not 
contribute substantial gains (for example having regard 
to the specific characteristics of the cell, or else to 
the fact that the communication is using an ARQ-type 



protocol) , it may therefore be advantageous to dispense 
with macrodiversity in order to limit the signaling 
traffic . 

The spreading factors of the codes of the set 
are typically of the form 2 L " k , L being a positive 
integer and k an integer variable such that 0<k<L, a 
channel-separation code of the form 2 L ~ k corresponding 
to an information throughput of 2 k " L .D, where D is a 
defined maximum code throughput. In cases where a 
communication is established from the base station to 
the mobile station requiring an information throughput 
equal to a.D with 2~ m " 1 <a^2" m -2" L and m an integer such 
that 0<m<L-l, then at least two codes of the set are 
selected obeying the overall orthogonality constraint 
in such a way that the sum of the inverses of the 
spreading factors of the codes selected is less than 2~ 
m , so as to form multiple channels defined respectively 
by the selected codes, the information throughput of 
the communication being distributed between these 
multiple channels which transport respective radio 
signals each processed by at least one of the receiving 
units of the mobile station. 

These provisions make it possible to adjust the 
spreading codes allocated to the communications 
throughput required, so as to avoid using non- 
indispensable code resources. 

In a second version of the method, when at 
least some of the specified conditions are fulfilled, 
the radio signals carrying different sets of 
information are sent out respectively by at least two 
separate base stations. 

In this case, two separate base stations are 
used to send the different sets of information to the 
same mobile station. This is useful when there is 
saturation of the radio resources capable of being 
allocated to one of the base stations. In particular, 



the radio signals carrying different sets of 
information can be sent out respectively by at least 
first and second separate base stations after the 
following three conditions have been fulfilled: 
5 - the mobile station is currently operating in 

macrodiversity mode in order to process radio signals 
sent out respectively by the first and second base 
stations and carrying identical information; 

- channel-allocation resources of the first 
10 base station are saturated; and 

- an increase in the quantity of information to 
be transmitted to the mobile station is required. 

Another aspect of the present invention relates 
to control equipment of a cellular-radio communications 

15 network comprising a set of base stations and of mobile 
stations, at least some of the mobile stations 
including at least two receiving units in order, in 
macrodiversity mode, to process respective radio 
signals sent out by at least two separate base stations 

2 0 and carrying identical information. The equipment 
comprises means for control of at least one base 
station for allocating, to the base station, radio 
communications resources for a down communications 
direction and for causing corresponding signaling 

25 messages to be sent to mobile stations served by this 
base station. These control means are configured to 
cause a mobile station at least partially to dispense 
with the macrodiversity mode when the specified 
conditions are fulfilled, while causing one or more of 

30 the base stations to send out, to the mobile station, 
at least two radio signals carrying different sets of 
information, and while causing the mobile station to 
have its receiving units process these radio signals so 
as to receive the said different sets of information. 

35 The invention also relates to a mobile station 

for radio communication with a cellular network the 
infrastructure of which includes a set of base 
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stations, comprising at least two receiving units for 
processing respective radio signals, means for 
allocating radio resources to the receiving units in 
response to signaling messages received from the 
infrastructure of the network, and combining means for 
combining outputs of the receiving units in a 
macrodiversity mode in which at least some of the said 
radio signals are sent out by at least two separate 
base stations and are carrying identical information. 
In response to certain of the signaling messages, the 
allocation means at least partially dispense with the 
macrodiversity mode, deactivating the combining means, 
the receiving units then processing at least two radio 
signals carrying different sets of information. 

Other features and advantages of the present 
invention will emerge in the following description of 
non- limiting embodiment examples, by reference to the 
attached drawings, in which: 

- Figure 1 is a diagram of a UMTS network to 
which the invention may be applied; 

- Figure 2 is a diagram of a base station of 
the network and of its controller implementing the 
invention; 

- Figure 3 is a block diagram of the receiving 
part of a mobile station according to the invention; 

- Figure 4 is a diagram illustrating a set of 
channel -separation codes which can be used in a cell of 
the network; and 

- Figures 5 to 7 are diagrams of the set of 
codes, illustrating various allocation strategies 
capable of being implemented according to the 
invention . 

The invention is described below in its 
application to a wideband CDMA network having a mode of 
operation in macrodiversity, such as the W-CDMA system 
provided for in UMTS for operation in frequency- 
division duplex (see " FRAMES Multiple Access for UMTS 



and IMT-2000" by E . Nikula, at al . , IEEE Personal 
Communications, April 1998, pages 16-24) . Figure 1 
shows the architecture of a UMTS network supporting 
this W-CDMA system. 

The switches of the mobile service 10 are 
linked, on the one hand, to one or more fixed networks 

11 and, on the other hand, by means of an interface 
known as Iu, to control equipment 12, or RNC equipment 
("Radio Network Controller"). Each RNC 12 is linked to 
one or more base stations 13 by means of an interface 
known as Iub. The base stations 13, distributed over 
the region of coverage of the network, are capable of 
communicating by radio with the mobile stations 14, 
14a, 14b. Certain RNCs 12 may, moreover, communicate 
with each other by means of an interface known as Iur. 

Figure 2 illustrates the organization of the 
sending part of a base station 13 and of its controller 

12 . The base station 13 forms a set of down channels 
via the CDMA technique. The information to be sent out 
on a channel n is the subject of a first spreading via 
a sequence called channel-separation code or channel 
code ("channelization code") CC n . 

The channel codes CC n are orthogonal codes with 
variable spreading factor (OVSF codes) . They are chosen 
from a set of codes of the same type as the tree 
represented in Figure 4. Each code c S f,i (l<i<SF) is a 
sequence of SF samples, or chips, each taking the value 
±1, with SF = 2 L_k , L being a positive integer (equal to 
8 in the case of UMTS) and k an integer variable such 
that 0<k<L . The tree is defined by: 

ci,i = (1) , 

C 2 .SF,2i-l = (C S F,i/ C S F,i) / 
C2.SF,2l = (CsF,l/ _C SF,i) 

The chips of a channel code c SF ,i are at a rate 
of D = 4.096 Mchip/s. They modulate strings of symbols 
the rate of which is D/SF = 2 k " L .D, that is to say that 



the spreading factor is equal to SF = 2 L ~ k . The symbols 
in question are complex symbols each comprising two 
signed bits (of value ±1) corresponding to an I channel 
and to a Q channel . 

The channel codes are attributed by the RNC 12 , 
more precisely by the radio-resources control (RRC) 
function 16 carried out within the RNC. The codes 
allocated are chosen in such a way as to be orthogonal 
overall for the same base station. With the tree of 
codes of Figure 4, two codes having the same spreading 
factor are always orthogonal, the sum of the chip-to- 
chip products being zero. Two codes with spreading 
factors 2 L ~ k and 2 L ~ k ' are orthogonal if, after they have 
modulated any two sequences of signed bits with rates 
respectively of 2 k_L .D and 2 k '" L .D, the resulting 
sequences of chips are orthogonal . With the tree 
arrangement of Figure 4, that amounts to saying that 
two channel codes are orthogonal if and only if they do 
not belong to the same branch of the tree, going from 
the root ci,i to a leaf c Lfi . The selection of the codes 
by the RNC 12 obeys this constraint overall: the set of 
channel codes CC n used at the same instant by the base 
station 13 is such that no two codes are found on the 
same branch. This allows the mobile stations to 
discriminate the channels which concern them. 

The RNC 12, for each channel formed by the base 
station 13, supplies the spreading factor SF n and the 
index i n of the channel code to be used. A generator 19 
of the base station delivers this code CC n = C SFn i n to a 
multiplier 2 0 which modulates the complex symbols 
transmitted on the corresponding channel. 

The sequences of symbols thus modulated are 
summed at 21 in order to combine the multiple-access 
channels. The complex signal delivered by the summer 21 
is multiplied at 22 by another spreading sequence, or 
scrambling code, at a rate of 4.096 Mchip/s, supplied 
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by a generator 23. As transmission from the base 
station is assumed to be single-carrier transmission, 
the scrambling code SC is attributed to the base 
station 13 in its entirety, and is applied identically 
to all the CDMA channels formed by this base station. 

At the output of the multiplier 22, the complex 
baseband signal is processed by a modulator 24 carrying 
out the shaping of the pulses and a four- state phase 
modulation {QPSK) in order to form the radio signal 
sent out into the cell. 

The receiving part of the mobile stations 14, 
of which Figure 3 shows a block diagram, includes a 
QPSK demodulator 3 0 which restores a baseband signal by 
carrying out the operations which are the counterparts 
of the modulator 24. 

The resultant baseband signal is submitted to 
several receiving units 31. In the example represented 
in Figure 3, the mobile station includes two receiving 
units for providing for operation in macrodiversity on 
traffic channels (in practice, it may include more of 
them) . Furthermore, a receiving and processing unit 32 
provides, in a known way, for reception of the control 
channels particularly making it possible to recover the 
information making it possible to know which spreading 
sequences have to be used by the mobile station. 

Each receiving unit 31 receives, from the unit 
32, the data identifying the spreading codes to be 
used, that is to say the spreading factor SF (or, 
equivalently, the throughput of symbols transmitted on 
the channel) , the index i of the channel code CC n and 
the number of the scrambling code SC n . Generators 33, 34 
produce the codes identified by these data, and a 
multiplier 3 5 forms the sequence which is the product 
of these two codes. This sequence is supplied to a rake 
receiver 36, as well as the spreading factor. The rake 
receiver 3 6 conventionally produces estimates of the 
symbols transmitted on the channel in question, by 
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estimating the response of the channel on the basis of 
a pilot sequence included in the signal and by- 
analyzing the output signal from the demodulator 3 0 
along several propagation paths. 

The multiple receiving units 31 of the mobile 
station are intended to operate in macrodiversity mode. 
In this mode, several base stations 13, having 
different scrambling codes SCi, SC 2 , send the same 
information to the mobile station under the control of 
a master RNC or "serving RNC". In macrodiversity mode, 
the function of control of the radio links (RLC) 17 of 
the master RNC 12 addresses the same sequence of bits 
to be sent out to the base stations involved, and its 
RRC function allocates them channel codes for 
transmitting this sequence. These commands are sent via 
the Iub interfaces if the base stations come under the 
same RNC then forming the master RNC (the case for the 
mobile station 14b in Figure 1) , or via the Iub and Iur 
interfaces if they come under different RNCs one of 
which forms the master RNC (the case for the mobile 
station 14a in Figure 1) . The master RNC or RRC 
function has the task, moreover, of informing the 
mobile station of the code resources to be employed, by 
way of control channels of one or other of the base 
stations . 

The mobile station includes a combining unit 3 6 
which, in macrodiversity mode, receives the symbols 
estimated by the rake receivers 36 of the units 31. The 
unit 3 8 combines these estimates, for example according 
to the method known as "maximum ratio combining", so as 
to deliver the symbols finally estimated on the 
macrodiversity channel. 

The invention envisages a certain number of 
cases where the operation in macrodiversity mode is 
dispensed with on the down link, so as to take 
advantage of the multiplicity of receiving units 31 of 
the mobile station. In this case, the combining unit 38 
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is deactivated, and the outputs of the rake receivers 
3 6 are delivered on separate processing channels, so as 
to process, in total, a higher information throughput 
than that of the macrodiversity channel. 

The radio signals which are then processed by 
the receiving units 31 may originate from the same base 
station or from different base stations. 

In the first case, the same scrambling code is 
assigned to the different units 31, which process 
channels differentiated by their channel- separation 
codes. This can be used especially in the following two 
cases : 

1. In order to establish communication from 
the base station to the mobile station with an 
information throughput of 2 k " L .D, although it is not 
possible to select, in the tree, a new code with 
spreading factor 2 L ^ k while obeying the overall 
constraint of orthogonality of the codes, the RNC can 
decide to form, from the same base station, multiple 
channels with lower individual throughputs, that is to 
say for which the spreading factors are greater than 2 L ~ 
k . The information throughput is then distributed 
between these channels which are processed separately 
by the receiving units 31 of the mobile station. 

Figures 5 and 6 illustrate an example of this 
illustrative case. In the allocation shown 
diagrammatically in Figure 5, five channels are used by 
the base station to communicate by radio with five 
mobile stations. Each channel has a spreading factor of 
2 3 = 8, and thus an information throughput of D/8. If it 
is required, for example, to increase the information 
throughput of the communication established on the 
channel with code c 8 , 2 so as to make it change to a 
throughput of D/2 (spreading factor SF = 2), the 
natural way of doing so, while fully preserving the 
options for communicating in macrodiversity mode, 
consists in redistributing the other codes with 
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spreading factor 8 so as to release all the branches 
passing either through the code c 2 ,i, or through the 
code c 2 ,2i and to allocate this code c 2 ,i or c 2 ,2 to the 
communication. This gives rise to a relatively 
substantial amount of signaling in order to carry out 
intracellular transfers of channels for mobile stations 
which are not directly involved with the increase in 
throughput. With the present invention, it is possible 
simply to allocate two additional channels to the 
communication, corresponding to the codes c 8;3 and c 4 ,4 
in the example represented in Figure 6 . In this 
specific case, three channels are formed towards the 
mobile station and processed by different receiving 
units of the station, which prevents, or at least 
limits, the options for operating in macrodiversi ty on 
the down link. This way of working does not require any 
signaling to the other mobile stations. 

2. It is also possible to achieve a finer 
granularity of throughput by allocating multiple 
channels from the same base station. The case is 
considered of establishing a communication requiring an 
information throughput equal to a.D, where a is a real 
number such that Ta.2 L l = ifa,. 2 1 , fa.2 L l is the integer 

equal to or immediately greater than a.2 L , and the a± 
are numbers each equal to 0 or to 1 and the sum of 
which is at least equal to 2 . If m is the integer such 
that 0<m<L-l and if L-l-m is the largest of the 
integers i for which a x = 1, then 2" m ^ 1 <cc<2" in -2" L . In this 
case, it is possible to select several codes of the 
tree obeying the overall orthogonality constraint, and 
with spreading factors SFi, SF 2 , etc., such that 
XSFn <2 ~ m - The usable throughput of the communication is 
then lower than if a channel defined by a single 
spreading code were chosen (this channel would have an 
increased throughput equal to 2" m .D) . In order to use 



the minimum amount of throughput resources, 2 n(l) codes 
are selected with spreading factor 2 L ~ 1+n<1) for each 
value of i such that a x = 1, the n(i) being integers 
such that 0<n(i)<i. 

Figure 7 illustrates this specific case in a 
particular case where a = 0.375 (a L _ 2 = a L _ 3 = 1). It is 
a matter of increasing the throughput of the same 
communication as in the example of Figures 5 and 6, but 
to the value 0.375 x D. This can be achieved simply by 
allocating the code c 4 ,4 to form a supplementary channel 
(n(L-2) = n(L-3) = 0), which limits the macrodiversity 
options for the mobile station. It will be observed 
that this way of proceeding leaves the code c 8 ,3 
available (or those codes situated on the branches 
downstream of c 8 ,3) for other communications, while by 
proceeding as in the case of Figure 6, that is to say 
by increasing the useful throughput to 0.5 x D, 
complete saturation of the resources of the cell would 
have been obtained. 

There is a certain amount of freedom in the 
choice of the numbers n(i) . For example, in the case of 
Figure 7, it would have been possible to decide to 
establish two supplementary channels, with codes c 8(7 
and c 8 ,8, instead of the channel with code c 4 ,4/ which 
corresponds to n(L-2) = 1 and n(L-3) = 0 instead of 
n(L-2) = n(L-3) =0. In general, there will be a 
benefit in minimizing the number of receiving units 
required within the mobile station, which corresponds 
to the choice of Figure 7 in the example considered. 

This number is equal to X 2 nU) • 

1=0 

When the different sets of information 
processed by the mobile station, once the 
macrodiversity mode has been dispensed with, originate 
from separate base stations, the receiving units 31 are 
allocated different scrambling codes. This implies that 
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the mobile station is capable of communicating with 
several adjacent base stations. This operating mode may 
therefore be activated at the time when the mobile 
station is currently operating in macrodiversity mode. 
If the code resources of one of the base stations are 
saturated (for example the configuration of Figure 6), 
and if it is necessary to increase the quantity of 
information to be transmitted to the mobile station 
operating in macrodiversity mode, the RNC may cause the 
base station of an adjacent cell, via the interface Iu 
if it directly controls this base station or by way of 
the interface Iur and of an auxiliary RNC ("drift 
RNC")/ to transmit the supplementary information, which 
causes a loss, at least in part, of the macrodiversity 
gains . 

The conditions under which the RNC decides to 
dispense with macrodiversity may be very varied. The 
conditions examined above relate to the complete or 
relative saturation of the code resources which can be 
allocated in certain cells. Other elements may also 
play a part in this decision. Mention may be made of: 

- the fact that the communication for which 
macrodiversity is likely to be dispensed with is 
otherwise the subject of another diversity technique, 
such as a technique of repetition in the event of poor 
reception (ARQ) ; 

- in the case in which a mobile station is 
already operating in macrodiversity mode, the fact of 
observing, within the combining unit 38, that the 
macrodiversity gain is relatively low on a down link 
(for example below a certain threshold), etc. 

Furthermore, the manager of the cellular 
network may decide, as a function of the installation 
characteristics of each base station and of its 
environment, to make more or less stringent the 
conditions under which the macrodiversity mode can be 
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dispensed with on the down link for communications 
involving this base station. 

These various conditions are established by the 
installer at the time when the RNC is configured. 
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CLAIMS 



1. 



Method for radio communication between a mobile 



station (14, 14a, 14b) and a cellular-network 
5 infrastructure including a set of base stations (13) , 
in which the mobile station includes at least two 
receiving units (31) for processing, in macrodiversi ty 
mode, respective radio signals sent out by at least two 
separate base stations and carrying identical 

10 information, characterized in that, when specified 
conditions are fulfilled, the macrodiversity mode is at 
least partially dispensed with for the mobile station, 
one or more of the base stations is or are made to send 
the mobile station at least two radio signals carrying 

15 different sets of information, and the mobile station 
is made to have its receiving units process these radio 
signals so as to receive the said different sets of 
information . 

2. Method according to Claim 1, in which, when at 
2 0 least some of the specified conditions are fulfilled, 

the said radio signals carrying different sets of 
information are sent out by the same base station (13) . 

3. Method according to Claim 2, in which the base 
station (13), in the case of the down communication 

2 5 direction, operates with multiple communications 
channels defined by channel-separation codes selected 
from a set of codes with variable spreading factor in a 
defined range, the channel-separation codes being 
selected with spreading factors depending on the 

30 information throughputs required respectively on the 
channels, with an overall constraint of orthogonality 
between the codes employed at every instant by the base 
station . 

4. Method according to Claim 3, in which, in cases 
35 where a communication is established from the base 

station (13) to the mobile station (14, 14a, 14b) with 
an information throughput corresponding to a first 
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spreading factor lying within the said defined range 
and such that it is not possible to select a new code 
while obeying the overall orthogonality constraint, 
multiple channels are formed, defined respectively by 
codes obeying the overall orthogonality constraint and 
the respective spreading factors of which are greater 
than the first spreading factor, the information 
throughput of the communication being distributed 
between these multiple channels which transport 
respective radio signals each processed by at least one 
of the receiving units (31) of the mobile station. 
5. Method according to Claim 3 or 4, in which the 

spreading factors of the codes of the set are of the 
form 2 L_k , L being a positive integer and k an integer 
variable such that 0<k<L, a channel-separation code of 
the form 2 L ~ k corresponding to an information throughput 
of 2 k ~ L .D, where D is a defined maximum code throughput, 
and in which, in cases where a communication is 
established from the base station (13) to the mobile 
station (14, 14a, 14b) requiring an information 
throughput equal to a.D with 2~ m_1 <a<2~ m -2~ L and m an 
integer such that 0<m<L-l, at least two codes of the set 
are selected obeying the overall orthogonality 
constraint in such a way that the sum of the inverses 
of the spreading factors of the codes selected is less 
than 2" m , so as to form multiple channels defined 
respectively by the selected codes, the information 
throughput of the communication being distributed 
between these multiple channels which transport 
respective radio signals each processed by at least one 
of the receiving units (31) of the mobile station. 
6. Method according to Claim 5, in which, in the 

said cases where a communication is established from 
the base station (13) to the mobile station (14, 14a, 
14b) requiring an information throughput equal to a.D, 
the integer fct.2 L ] equal to or immediately greater than 
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a.2 L being of the form fa.2 L l = jfai- 2 1 , where the ai are 

each equal to 0 or to 1, 2 nU) codes with spreading 
factor 2 L " 1+n(i) are selected for each value of i such 
that ai = 1, the n(i) being integers such that 
0<n(i) <i. 

7. Method according to Claim 6, in which the 
numbers n(i) are chosen in such a way as to minimize 

L-l 

the number £ 2 n(1) • 

8. Method according to Claim 1, in which, when at 
least some of the specified conditions are fulfilled, 
the said radio signals carrying different sets of 
information are sent out respectively by at least two 
separate base stations (13) . 

9. Method according to Claim 8, in which the said 
radio signals carrying different sets of information 
are sent out respectively by at least first and second 
separate base stations after the following three 
conditions have been fulfilled: 

- the mobile station is currently operating in 
macrodiversity mode in order to process radio signals 
sent out respectively by the first and second base 
stations and carrying identical information; 

- channel-allocation resources of the first base 
station are saturated; and 

- an increase in the quantity of information to 
be transmitted to the mobile station is required. 

10. Control equipment of a cellular-radio 
communications network comprising a set of base 
stations (13) and of mobile stations (14, 14a, 14b), at 
least some of the mobile stations including at least 
two receiving units (31) in order, in macrodiversity 
mode, to process respective radio signals sent out by 
at least two separate base stations and carrying 
identical information, the equipment (12) comprising 
means (16) for control of at least one base station for 
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allocating, to the base station, radio communications 
resources for a down communications direction and for 
causing corresponding signaling messages to be sent to 
mobile stations served by this base station, 
characterized in that the control means are configured 
to cause a mobile station at least partially to 
dispense with the macrodiversity mode when the 
specified conditions are fulfilled, while causing one 
or more of the base stations to send out, to the mobile 
station, at least two radio signals carrying different 
sets of information, and while causing the mobile 
station to have its receiving units process these radio 
signals so as to receive the said different sets of 
information . 

11. Equipment according to Claim 10, in which, when 
at least some of the specified conditions are 
fulfilled, the control means (16) are configured to 
cause the same base station (13) to send out the said 
radio signals carrying different sets of information. 

12. Equipment according to Claim 11, in which the 
base station (13), in the case of the down 
communication direction, operates with multiple 
communications channels defined by channel- separation 
codes selected by the control means (16) from a set of 
codes with variable spreading factor in a defined 
range, the channel-separation codes being selected with 
spreading factors depending on the information 
throughputs required respectively on the channels, with 
an overall constraint of orthogonality between the 
codes employed at every instant by the base station. 

13. Equipment according to Claim 12, in which, in 
cases where a communication is established from the 
base station (13) to the mobile station (14, 14a, 14b) 
with an information throughput corresponding to a first 
spreading factor included in the said defined range and 
such that it is not possible to select a new code while 
obeying the overall orthogonality constraint, the 



AMENDED PAGE 



- 21 - 



control means (16) are configured to form multiple 
channels, defined respectively by codes obeying the 
overall orthogonality constraint and the respective 
spreading factors of which are greater than the first 
5 spreading factor, the information throughput of the 
communication being distributed between the said 
multiple channels which transport respective radio 
signals each processed by at least one of the receiving 
units (31) of the mobile station. 
10 14. Equipment according to Claim 12 or 13, in which 

the spreading factors of the codes of the set are of 
the form 2 L " k , L being a positive integer and k an 
integer variable such that 0<k<L, a channel -separation 
code of the form 2 L ~ k corresponding to an information 
15 throughput of 2 k ~ L .D, where D is a defined maximum code 
throughput, and in which, in cases where a 
communication is established from the base station (13) 
to the mobile station requiring an information 
throughput equal to OC.D with 2" m " 1 <a<2" m -2^ L and m an 
2 0 integer such that 0<m<L-l, the control means (16) are 
configured to select at least two codes of the set 
obeying the overall orthogonality constraint in such a 
way that the sum of the inverses of the spreading 
factors of the codes selected is less than 2" m , so as to 
2 5 form multiple channels defined respectively by the 
selected codes, the information throughput of the 
communication being distributed between these multiple 
channels which transport radio signals each processed 
by at least one of the receiving units (31) of the 
30 mobile station. 

15. Equipment according to Claim 14, in which, in 

the said cases where a communication is established 
from the base station (13) to the mobile station (14, 
14a, 14b) requiring an information throughput equal to 
35 a.D, the integer Ta.2 L l equal to or immediately greater 

than a.2 L being of the form fa.2 L l = Ea.2 1 , where the a, 
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are each equal to 0 or to 1, the control means (16) are 
configured to select 2 n(l) codes with spreading factor 
2 L-i+n(i) for eac h value of i such that ai = 1, the n(i) 
being integers such that 0<n(i)<i. 
5 16. Equipment according to Claim 15, in which the 

numbers n(i) are chosen by the control means (16) in 

such a way as to minimize the number X 2 n(1> - 

i=0 

17. Equipment according to Claim 10, in which, when 
at least some of the specified conditions are 

10 fulfilled, the control means (16) are configured to 
cause at least two separate base stations (13) to send 
out the said radio signals carrying different sets of 
information . 

18. Equipment according to Claim 17, in which the 
15 control means are configured to cause at least first 

and second separate base stations to send out 
respectively the said radio signals carrying different 
sets of information after the following three 
conditions have been fulfilled: 
20 - the mobile station is currently operating in 

macrodiversity mode in order to process radio signals 
sent out respectively by the first and second base 
stations and carrying identical information; 

- channel-allocation resources of the first base 
25 station are saturated; and 

- an increase in the quantity of information to 
be transmitted to the mobile station is required. 

19. Mobile radio-communications station with a 
cellular network the infrastructure of which includes a 

30 set of base stations (13), comprising at least two 
receiving units (31) for processing respective radio 
signals, means (32) for allocating radio resources to 
the receiving units in response to signaling messages 
received from the infrastructure of the network, and 

35 combining means (38) for combining outputs of the 
receiving units in a macrodiversity mode in which at 



least some of the said radio signals are sent out by at 
least two separate base stations and are carrying 
identical information, characterized in that, in 
response to certain of the signaling messages, the 
allocation means are configured to at least partially 
dispense with the macrodiversity mode, deactivating the 
combining means, the receiving units then processing at 
least two radio signals carrying different sets of 
information . 
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application on which priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 

98 16220 FRANCE 22/12/1998 □ 

□ 
□ 



(Number) (Country) (Day/Month/Year Filed) 



(Number) (Country) (Day/Month/Year Filed) 



(Number) (Country) (Day/Month/Year Filed) 
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I hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 



application(s) listed below: 


(Application Serial No.) 


(Filing Date) 


(Application Senal No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 



I hereby claim the benefit under 35 U. S. C. Section 120 of any United States application(s), or 
Section 365(c) of any PCT international application designating the United States, listed beiow and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112. I acknowledge the duty to disclose to the United States Patent and Trademark 
Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
Section 1.56 which became available between the filing date of the prior application and the national 
or PCT International filing date of this application: 



PCTFR99/03201 20/12/1999 



(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and- that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 

agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 

connected therewith, (list name and registration number) 

Michael L. Kenaga _J&£SL 

William T. Rifkin ^2&£M 

Mark I. Feldman 

James P. Ryther 

Mary Spalding Burns ^22AU? 
R. Blake Johnston ^£±£23 
Thomas W. Ryan -AXQZL 
Tracey R. Thomas — 28,6*3 
David J. Richter ____26 a 22-L 



Send Correspondence to: Michael L. Kenaga, 

.RUDNXCX. & WOLFE . 

P^O_Box£43_QZ- 

ChicagQ,Jllinojs6fl664-0807 



Direct Telephone Calls to: (name and telephone number) 

Michael L. Kenaga. C312) 368-8937 



If 



Thierry LUCIDARME 



T- 



1 , allee Falconet, 78180 MONTIGNY^L E^BRETONNEUX, FRANCE 



'JL 



Post Office Address 

the same as above 









_Pierre LESCUYER J^T 






Second inventor's signature /J 


Date ^fafri 








^True de ia Sourderie, 78180 MONTlGN^l_E^BBEJX!MblEUX, FRANCE 




Citizenship 






French 






Post Office Address 






the same as above 
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of third inventor, if any 

_Philippe DUPLESSIS 



Third inventor's signature 



T4 avenue Adrienne, 92700 COURBEVO IE^ FRANCE 
French __ 
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